Two new manumycin-type derivatives named as cornifronin A and cornifronin B, and one known analogue antibiotic SW-B were isolated from the liquid fermentation of Streptomyces sp. OC1401 obtained from body surface of a meson bee Osmia cornifrons. The structures of all isolates were identified by spectroscopic methods (HRESIMS, IR, 1D and 2D NMR) and comparison with literature data. The antibacterial and antifungal activities of these manumycintype derivatives were evaluated by disc diffusion method and more accurate data on the antibacterial activity were obtained through the MIC (Minimum Inhibitory Concentration) and MBC (Minimal bactericidal concentration) values.
Symbioses extensively exist between bacteria and insects [1] . Insects can exploit symbiotic microorganisms to provide nutrients for its growth and reproduction [2] [3] [4] [5] . Recent researches indicated that insects, especially Hymenoptera, can also employ symbiotic actinomycetes producing antibiotics to protect their larvae and nutritional resources against pathogen attack [5] [6] [7] . Accordingly, symbiotic actinomycetes of Hymenoptera insects is likely to be a promising source for new antibiotic natural products [8] [9] [10] [11] .
Mason bee Osmia cornifrons (Family: Megachilidae) is a species of solitary Hymenoptera insect native to Japan. It is now domesticated in many countries to improve pollination for apple, strawberry, blueberry and cherry etc. [12] . With the aim of discovering new antimicrobial agent from potential symbiotic microbes, we isolated a Streptomyces sp. designated OC1401 strain from the body surface of an adult female O. cornifrons pollinating in an apple orchard. Subsequent chemical investigations of EtOAc extract of fermentation broth including mycelia of this strain lead to the isolation of three manumycin-type derivatives including two new analogues cornifronin A (1) and cornifronin B (2), a known one SW-B (3) (Figure 2 ) [13] , and tyrosol (4) [14] . This paper reports the isolation and structural characterization of these compounds and their antibiotic activity.
Strain Streptomyces sp. OC1401 was isolated from the body surface of adult female O. cornifrons in pollen harvest. Preliminary sequence comparisons with 16S rRNA gene sequences held in GenBank showed that OC1401 strain was closely related to the genus Streptomyces. Its RNA nucleotide sequence (Accession numbers KX588720) is similar to those of Streptomyces griseoaurantiacus (FJ486355) and Streptomyces thermocarboxydus (KT163798) in GenBank with 99.8 % and 99.6 % similarity. The neighbor-joining analysis confirmed that strain OC1401 was phylogenetically closely related to members of the genus Streptomyces, and clustered with Streptomyces griseoaurantiacus (Figure 1 were assigned to the N-H bonds. In its 1 H-NMR spectrum, the spectrum showed the signal of carbonyl attributing to acylamino group (1662 cm -1 ). The absorptions at 3337, 3194 and 1596 cm -1 were assigned to the N-H bonds. In its 1 H-NMR spectrum, the broad signal centered at δ H 5.40 (2H, brs) was assigned to the amino proton in accordance with the IR analysis. Comparison with the data in literatures [13] , it can be found that the 1 H-and 13 C-NMR spectra data of 1 and 3 were very similar except for the presence of one more olefinic hydrogen at δ C 5.79 (1H, d, J = 15.4 Hz, H-2), and the absence of one methyl group in 1, which indicated that a double bond in compound 1 were changed to double-substituted. After the unambiguous assignments of all protons and carbons signals by the [15] , which indicated the absolute configuration of C-6 in compound 1 is also R configuration. Hence, 1 was established as (2E,4E,6R)-4,6-dimethyldea-2,4-dienamide, and gave it a name cornifronin A.
Compound 2 was obtained as colorless oil, and its molecular formula was determined as C 13 . The 1 H-NMR data of 2 were very similar to that of compound 3. The significant difference was the replacement of methylene at δ H 1.25 (2H, m) and δ C 29.7 in compound 3 by those of oxygenated methine at δ H 3.45 (1H, m) and δ C 71.6 in 2. The hydroxy group was confirmed to be located at C-8 by the HMBC correlation of H-10 (δ H 0.93 ppm, t, J = 7.5 Hz) to C-8 (δ C 71.6 ppm), and the 1 H-1 H COSY correlations between H-10, H-9, H-8 and H-7. Due to the minor quantity, the absolute configuration of C-8 was not determined. Compound 2 was established as (2E,4E,6R)-8-hydroxy-2,4,6-trimethyldeca-2,4-dienamide, and named as cornifronin B.
The antibacterial and antifungal activity of compounds 1 -3 was evaluated by the paper disc diffusion method against four bacteria (Table 2 ). Compounds 1-3 exhibited weakly inhibitory activity against P. aeruginosa (MIC >1 mg/mL, MBC >1 mg/mL). Compound 3 (MIC = 0.078-0.313 mg/mL, MBC = 0.156-1 mg/mL) showed stronger antibacterial activity than 1 (MIC = 0.156-1 mg/mL, MBC = 0.625-1 mg/mL) and 2 (MIC >1 mg/mL, MBC >1 mg/mL). Cornifronin B (2) nearly showed no inhibitory activity against any test bacteria (MIC >1 mg/mL, MBC >1 mg/mL) and fungi, which indicated that the polar substituents such as hydroxy group in this kind of derivatives will weaken their antimicrobial activity. 
Experimental
General: Optical rotations were measured with Perkin-Elmer 341 polarimeter. IR spectra were recorded with Nicolet 6700 FT-IR spectrometer at room temperature in KBr. The 1 H-and 13 C-NMR (DEPT) and 2D NMR spectra were recorded on Bruker AVANCE 500 spectrometer with TMS as internal reference. HRESIMS spectra were obtained on LTQ-Orbitrap XL spectrometer. Silica gel (200-300 mesh and 300-400 mesh) used for column chromatography (CC) and silica GF 254 for thin layer chromatography (TLC) were supplied by Qingdao Marine Chemical Factory in China. Silica gel C-18 used for low pressure CC and precoated plates (C-18) was purchased from Merck in Germany. Natural Product Communications Vol. 13 (6) 2018 675 colonies were singled out and sub-cultured to give pure morphologies. Genomic DNA was extracted using DNA isolation kit (Shanghai Sangon Biotech Co., China). PCR amplification of the 16S ribosomal RNA (rRNA) was performed using primers Fd2 (5'-GAGTTTGATCATGGCTCAG-3') and 16Sr (5'-TTGCGGGACTTAACCCAACAT-3') and sequenced by Shanghai Sangon Biotech Co., China. The nucleotide sequence were deposited to GenBank (Accession numbers KX588720), and the closely related taxa were retrieved from the GenBank database using Blastn software. Voucher specimen (No. OC1401) was deposited at Laboratory of Natural Products Chemistry, Department of Pharmacy, Shandong University at Weihai. 3H, s, H-12), 1.45 (2H, m, H-7), 1.45 (2H, m, H-9 
Antibiotic assay:
The antibacterial and antifungal activities of compounds 1 -3 were evaluated by the paper disc diffusion method. Four bacteria B. subtilis, S. aureus, E. coli and P. aeruginosa, and four fungi A. flavus, M. Mucedo, P. parasitica var nicotianae and C. albicans, were used as target strains. The compounds were dissolved in acetone in which the paper disks with a diameter of 6 mm were impregnated (bacteria: 50 μg/disc, fungi: 100 μg/disc). Chloramphenicol (10 μg/disc) and nysfungin (20 μg/disc) were used as positive control for bacteria and fungi respectively. Paper disks were dried under sterile conditions and put on agar plates inoculated with the above test organisms. After incubation at 37ºC for 24 h (bacteria) or 28ºC for 48 h (fungi), the diameters of inhibition zones were measured. The MIC values were performed in 96 wellmicroplates [16] . The plates were incubated at 37ºC for 12-16 h. Antimicrobial activity was detected by adding 20 µL of 1% TTC (2,3,5-triphenyl tetrazolium chloride) aqueous solution. MIC was defined as the lowest concentration of compounds that inhibited visible growth, as indicated by TTC staining [17] . For the determination of the MBC, a sample of 100 µL from each well (without any color alteration) was subcultured on the MHA plates and incubated at 36ºC for 18-24 h (overnight). The MBC is defined as the lowest concentration without any bacterial growth. Experiments were carried out in triplicates to minimize experimental error.
